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ABSTRACT:
A previous study in Bangladesh indicated that there might be an association between the incidence of childhood
pneumonia and ventilation in low-income houses. To support further investigation of this relationship, our study aims
to establish a validated computational framework that can accurately estimate household ventilation rates. To achieve
this objective, high-fidelity large-eddy simulations are performed under various weather conditions, and the simulation
results are validated against field measurements of the ventilation rate and temperatures.
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1. INTRODUCTION
Pneumonia is the leading cause of death in children under five, accounting for one-sixth of total
mortality in this age group (Unicef, 2016). In Bangladesh, one of the top 15 countries accounting
for 70% of total pneumonia deaths, a preliminary study indicated that there might be an association
between the occurrence of the respiratory disease and ventilation status in a low-income house:
“households where pneumonia occurred were 28% less likely to be cross-ventilated.” (Ram, et al.
2014) Our study aims to establish a validated computational framework to precisely estimate
ventilation rates and to support the further investigation of the relationship. We perform highfidelity computational fluid dynamics (CFD) simulations to accurately quantify ventilation rates
driven by buoyancy and turbulent wind in urban settings. The simulations are conducted for two
different thermal boundary conditions, representing either day or night, as well as two crossventilation layouts with different sized openings, to investigate a variety of temperature patterns
and ventilation scenarios. The results of these computationally demanding large-eddy simulations
(LES) are validated against field measurements of the ventilation rate and indoor temperatures,
and analyzed to identify robust ventilation solutions that will work under a variety of weather and
housing conditions.

Figure 1. Configuration of the target house (left), bird-eye view of the urban-slum area (center),
and the computational representation of the buildings in the area (right)
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2. TARGET HOUSE AND MEASUREMENT
We rented a representative single-room house in one of the urban slums in Dhaka, where Figure
1 depicts the detailed floor plan of the house and the slum neighborhood. In the target house, we
measured indoor air and wall surface temperatures, as well as ventilation rates in terms of air
changes per hour (ACH) using a tracer concentration decay technique. In addition to these indoor
measurements, we collected outdoor air temperature, and free-stream wind speed and direction
data at the tallest building in the slum area. The measured data at both locations are used either to
define boundary conditions for our simulations or to validate the simulation results.
3. COMPUTATIONAL FLUID DYNAMICS SIMULATION
Our LES simulations are performed using CharLES, a commercial CFD package developed by
Cascade Technologies, Inc. LES solves the filtered Navier-Stokes equation; the subgrid scale
motions are modeled with the Vreman model. Considering the small temperature variation in our
simulations, the Boussinesq approximation is adopted to incorporate buoyancy effects. As our
region of interest is the indoor environment and the vicinity of the target house, the geometries
close to the house are precisely represented, while more remote buildings are modeled as
rectangular blocks. For the turbulent wind inflow condition, we employ a gradient-base
optimization technique coupled with a digital filter method to achieve the target turbulence
characteristics at the location of the house (Lamberti, et al. 2018). To reproduce the buoyancy
effects, constant temperature boundary conditions are specified at the inlet and at the walls of the
target house, using the measured outdoor and wall surface temperatures. Figure 2 shows the
significant variability in the indoor flow and temperature patterns obtained for the different
ventilation scenarios under different wind and temperature boundary conditions; this variability
translates into ACH values ranging from 6.7 to 24.0. Future research aims to further characterizing
the ventilation rate variability, such that it can accounted for when analysing the relationship
between health outcomes and ventilation rate measurements, which provide a single data point.

Figure 2. Comparison of velocity and temperature patterns between two simulations
with different temperature boundary conditions
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